Migraine pathogenesis involves a complex interaction between hormones, neurotransmitters, and inflammatory pathways, which also influence the migraine phenotype. The Mediterranean fever gene (MEFV) encodes the pyrin protein. The major role of pyrin appears to be in the regulation of inflammation activity and the processing of the cytokine prointerleukin-1β, and this cytokine plays a part in migraine pathogenesis. This study included 220 migraine patients and 228 healthy controls. Eight common missense mutations of the MEFV gene, known as M694V, M694I, M680I, V726A, R761H, K695R, P369S, and E148Q, were genotyped using real-time polymerase chain reaction with 5′ nuclease assays, which include sequence specific primers, and probes with a reporter dye. When mutations were evaluated separately among the patient and control groups, only the heterozygote E148Q carrier was found to be significantly higher in the control group than in the patient group (P=0.029, odds ratio [95% confidence interval] =0.45 [0.21-0.94]). In addition, the frequency of the homozygote and the compound heterozygote genotype carrier was found to be significantly higher in patients (n=8, 3.6%) than in the control group (n=1, 0.4%) (P=0.016, odds ratio [95% confidence interval] =8.57 [1.06-69.07]). However, there was no statistically significant difference in the allele frequencies of MEFV mutations between the patients and the healthy control group (P=0.964).
Introduction
Migraine is a disabling neurological condition that is commonly observed to occur in an episodic manner. In many cases, migraine attacks begin centrally, leading to classical neurological symptoms, including prodromes and aura, followed by a headache phase. The pathophysiology of migraine is unclear, but several studies have demonstrated abnormalities in pain-processing mechanisms. 1 In addition, inflammation has long been suggested to play a role in migraine. 2 Various vasoactive neuropeptides have been released from trigeminal and parasympathetic perivascular fibers during neurogenic inflammation. The release of these neuropeptides leads to vasodilation, plasma protein extravasation, and the release of proinflammatory mediators. 3 These molecules contribute to the sensitization of nociceptors and induce inflammation with submit your manuscript | www.dovepress.com
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Coşkun et al the activation of local immune cells, including brain mast cells. 4 Therefore, the headache phase begins with consequential activation of meningeal nociceptors at the origin of the trigeminovascular system. 1 Familial Mediterranean fever (FMF) is characterized by recurrent short episodes of inflammation and polyserositis, including fever, peritonitis, synovitis, pleuritis, headache, and meningitis accompanied by pain. [5] [6] [7] FMF has an autosomal recessive inheritance; it is mostly seen in eastern Mediterranean populations, and it is especially frequent among Turks, Armenians, non-Ashkenazi Jews, and Arabs. 8 In 1997, French and international consortia identified the Mediterranean fever gene (MEFV) as being responsible for FMF. FMF occurs due to recessive mutations in the MEFV gene, which is located on the short arm of chromosome 16, consisting of ten exons. This gene encodes a protein comprising 781 amino acids known as pyrin (or marenostrin). 9 The type and combination of the mutations define a severely or weakly expressed phenotype; however, subjects carrying two mutation alleles may not express the disease. 10 At present, over 300 different FMF-associated sequence variants have been reported in the MEFV gene. 11 The most prevalent mutations are M680I, M694V, M694I, and V726A in exon 10 and E148Q in exon 2. Together, these have been found to be responsible for over 85% of all FMF cases in the Middle East. [12] [13] [14] The M694V mutation was reported to have a relative association with the severe phenotype, whereas the E148Q mutation has been reported to result in a milder or less penetrant disease course. 15, 16 Pyrin is expressed in polymorphonuclear cells, cytokineactivated monocytes, dendritic cells, and synovial fibroblasts. Interleukin-1β may play a part in migraine pathogenesis, and pyrin has been suggested to play a role in the regulation of inflammation activity and pro-interleukin-1β processing. 17 Mutations in the MEFV gene are responsible for innate immunity disorders, which are associated with activation in the interleukin-1β pathway, leading to sustained activation of inflammatory cascade and severe inflammation. 18, 19 In addition to interleukin-1β changes in FMF, serum levels of tumor necrosis factor α (TNF-α), interleukin-6, interleukin-8, and soluble interleukin-2R are significantly increased during FMF attacks. 12 Similarly, increases in serum TNF-α, interleukin-1β, interleukin-2, and interleukin-6 level have been previously described in patients with migraine. 20, 21 Therefore, it seems that a proinflammatory cytokine expression profile is related to migraine pathogenesis. 20, 21 Some clinical characteristics and positive familial history of FMF and migraine seem to be similar. In addition, FMF and migraine both have recurrent, periodic, painful symptoms. In the literature, a number of clinical observations have long suggested a possible relationship between headache and FMF. 7, [22] [23] [24] [25] [26] Furthermore, a clinical study reported that the prevalence of migraine in patients with FMF was 29.1% in the Turkish population. 6 Moreover, it has been reported that the presence of MEFV gene mutations might be a susceptibility factor for various inflammatory diseases. [27] [28] [29] To the best of our knowledge, no study has investigated the association between mutations in the MEFV gene and migraine disease. We hypothesized that mutations in the MEFV gene may contribute to the development of migraine disease. Considering the high frequency of FMF in Turkey, it is important to investigate MEFV mutations and the effects of these mutations on migraine. Therefore, we researched whether the MEFV gene could be involved in migraine pathogenesis. A case-control study was designed to compare the frequency of mutations and genotypes in the MEFV gene between migraine patients and healthy controls and to compare disease severity between patients with and without mutations.
Materials and methods study population
This study was carried out according to the principles of the Declaration of Helsinki. The study was approved by the Ethics Committee of Dicle University, Faculty of Medicine, and each subject provided written informed consent. The study group consisted of 220 unselected and unrelated patients with migraine. All migraine patients who registered at the Department of Neurology outpatient clinic at Dicle University, Faculty of Medicine, in Diyarbakir, Turkey, between January 2014 and January 2015, were included in this study. Migraine was diagnosed according to the International Classification of Headache Disorders criteria. 30 Patients with obesity (body mass index 30), diabetes, or other neurologic or psychiatric disorders were excluded from this study. None of the patients reported any familial history of FMF or classical FMF symptoms, such as recurrent fever or abdominal pain. The control group consisted of 228 volunteers, who applied to the other outpatient clinic at Dicle University. All participants provided a complete medical history and underwent a physical examination. The control subjects were genetically unrelated to the patients, and they showed no clinical evidence of migraine; furthermore, they had no previous or current history of migraine; no familial history of migraine; and no known neurologic, psychiatric, or rheumatologic clinical features indicating FMF. In addition, they had no history of diabetes mellitus, hypertension, obesity (body mass index 30), or organic or genetic disorders. The mean age, sex, and ethnicity of the control group were matched with those of the study group. All participants were of Turkish origin and were from the same geographical area (the southeastern region of Turkey). The migraine patients were assigned to two subgroups: with MEFV gene mutation and without MEFV gene mutation. Demographic and clinical features were compared between the two subgroups.
DNa extraction and genotyping
Whole blood samples (2 mL) were taken into ethylenediaminetetraacetic acid-treated tubes and stored at -20°C. The isolation of genomic DNA was performed using SNPure Genomic DNA isolation kit according to manufacturer's instructions (SNP Biotecnology, Ankara, Turkey). The DNA concentration was determined using a Nano-Drop spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA), and samples were stored at -20°C until polymerase chain reaction (PCR). In the present study, genotyping was performed for the most frequent eight missense mutations:
Arg761His, c.2282GA, rs104895097), and K695R (p.Lys695Arg, c.2084AG, rs104895094) in exon 10; P369S (p.Pro369Ser, c.1105CT, rs11466023) in exon 3; and E148Q (p.Glu148Gln, c.442GC, rs3743930) in exon 2 of the MEFV gene. To detect the mutation, we used an SNP FMF real-time PCR kit (SNPFMF-8). This kit contains readyto-use patented wild-type and mutant master mixes for each mutation, and genotyping was performed using the 5′ nuclease method. The master mixes contain sequence-specific primers and probes as well as an internal control targeting glyceraldehyde 6-phosphate dehydrogenase labeled with HEX/ JOE dye. The probes in the master mixes carry reporter dye (FAM) attached at the 5′-end and quencher dye attached at the 3′-end. The quencher dye absorbs and suppresses the emission of the reporter dye and prevents the elongation of the probe, such as a primer. During PCR, the 5′ nuclease activity cleaves the probe and releases the reporter dye, and a fluorescent signal is generated by the cleaved reporter dye. This reaction occurs only for the probes that are hybridized with the target sequence. As the amount of the amplification product accumulates, the fluorescent signal increases linearly, and this increase is detected by the device simultaneously. Therefore, when the fluorescent signal is obtained only from the wild-type mixture, the sample is accepted as wild type; when the fluorescent signal is obtained from the wildtype and mutant PCR mixtures, the sample is accepted as heterozygous; and when the fluorescent signal is obtained only from the mutant PCR mixture, the sample is accepted as homozygous mutant. For each reaction, 20.5 µL of the master mix, 0.3 µL of the hot start Taq DNA polymerase, and 4.5 µL (60-100 ng) of genomic DNA were used. PCR conditions were one cycle at 95°C for 10 minutes (enzyme activation), 32 cycles of two steps at 95°C for 15 seconds (denaturation), and 62°C (annealing) for 1 minute. PCR was performed using real-time PCR systems (Applied Biosystems 7500 system, ABI, USA).
statistical analysis
The distributions of the genotype and polymorphism between migraine and control groups were compared by using χ 2 test or Fisher's exact test. For the age variable, which obtained a continuous value, the normality test was conducted using the Kolmogorov-Smirnov test. The age variable was compared between the two groups using a Student's t-test. The data were given as mean ± standard deviation (SD) and frequency. Two-tailed tests were used unless otherwise stated. Goodness of fit χ 2 test was used to assess deviations from Hardy-Weinberg equilibrium in control group. A P-value of 0.05 was considered to show a statistically significant result. Odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated. Statistical analyses were performed with SPSS 15.0 (SPSS Inc., Chicago, IL, USA). The power of the study was calculated using G*Power software, version 3.1.9. 31 With the current sample size, the achieved power of the study was 0.67 for χ 2 =5.816 (df=1, OR =8), and the effect size was w =0.114.
Results
The mean age of the 220 subjects in the patient group (109 males and 111 females) was 30.46±10.27 SD, while the mean age of the 228 subjects in the control group (133 males and 95 females) was 31.19±9.26 SD. There was no significant difference in age or sex between the groups (P=0.430 and P=0.062, respectively). The number of patients who experienced migraine with aura was 103 (46.82%), and the number of patients who experienced migraine without aura was 117 (53.18%). In addition, 52 patients (23.64%) stated that they had a positive familial history, but 168 patients (76.36%) had no familial history. The mean age at the onset of the disease was 26.25±9.911 SD in the migraine group. The frequency and duration of attacks in the migraine group We evaluated the sequencing results for eight missense mutations (M694V, M694I, V726A, M680I, R761H, K695R, P369S, and E148Q). We identified seven missense mutations in 220 patients and 228 healthy controls. The M694I mutation was not observed in both groups. MEFV gene mutations were detected in 30 (13.6%) patients. Of the patients, 22 had a single mutation and eight had two copied mutations. Three homozygous and five compound heterozygous mutations were observed in the patients. The frequencies of E148Q, M694V, V726A, and R761H mutation carriage in patients with migraine were 5.0%, 1.4%, 1.4%, and 0.9%, respectively. In addition, the allele frequencies of E148Q, M694V, V726A, and R761H were 4.3%, 1.4%, 0.9%, and 0.9%, respectively. In the control group, mutation analysis showed that 38 (16.7%) of the subjects had at least one mutated MEFV allele. Furthermore, 37 individuals had a single mutation, and only one individual had compound heterozygous mutations (V726A/R761H). The frequencies of E148Q, V726A, R761H, and P369S mutation carriage were 10.5%, 2.2%, 1.8%, and 0.9%, respectively. In addition, the allele frequencies of E148Q, V726A, R761H, and P369S were 5.3%, 1.3%, 1.1%, and 0.4%, respectively. No homozygous mutations were detected in the healthy controls ( Table 2) .
The difference in total MEFV mutation carriage rates and allele frequencies between the migraine and control groups was not statistically significant. However, the frequencies of homozygote and compound heterozygote genotype carrier were significantly higher in the patient group (eight cases, 3.6%) than in the control group (one control, 0.4%) (P=0. Tables 2 and 3 .
The analysis of the relationships between MEFV mutations and clinical manifestations in patients with migraine is presented in Table 4 . No significant results were observed between the carrier and non-carrier groups in terms of age, sex, presence or absence of aura, familial history, age of onset of migraine, and visual analog scale. The migraine attack frequency in patients with MEFV mutations was significantly more than it was in those without any mutation (P=0.043).
Discussion
In the case-control study, we investigated whether the hotspot mutations (M694V, M694I, M680I, V726A, R761H, K695R, P369S, and E148Q) in the MEFV gene were associated with a risk of migraine disease in a Turkish population. This is the first study to investigate the effect of mutations in the MEFV gene on the risk of developing migraine. There was a statistically significant association between the homozygous or compound heterozygous mutations in the MEFV gene and migraine. Our findings suggest that biallelic mutations of the MEFV gene could be involved in migraine pathogenesis in our Turkish population.
Migraine is a common neurological condition involving recurrent attacks of severe, pulsating, unilateral headaches with or without related symptoms, including nausea, vomiting, and photophobia. 32 The genetic component of migraine has been confirmed by population-based family studies, and a positive familial history increased the risk of migraine. 33 FMF is an inherited disease that presents in an autosomal recessive manner. During FMF attacks, neurological complications are also reported. In various studies, the prevalence of headache has been reported as approximately 5% to 20% among FMF patients. 7, 23, 25, 26 Gedalia et al 34 reported that of 101 patients, ten experienced headaches during FMF attacks. In a recent study, Kishida et al 25 reported that headache was present in 19.8% of patients with FMF in Japan. In three studies conducted in Turkey, the frequency of headaches in FMF patients was reported as 8.1%, 5.1%, and 19.8%, respectively. 7, 23, 26 Furthermore, in a large Turkish study of 378 FMF cases, Uluduz et al 6 found that 29.5% of subjects with FMF reported having migraine and 37.6% reported probable migraine.
The migraine pathophysiology has not been clarified yet. A number of neural and vascular mechanisms have been suggested for increased susceptibility to migraine. One of these mechanisms involves peripheral inflammation interacting with neural structures, which activates the meningeal nociceptors in the trigeminovascular system. The pyrin protein is expressed in the inflammatory cells, including dendritic cells, monocytes, and granulocytes. 35 It has been suggested that pyrin regulates the pro-interleukin-1β maturation into interleukin-1β, catalyzed by caspase-1. In addition, pyrin likely regulates nuclear factor-κB activation and apoptosis. 17, 19 Nuclear factor-κB is expressed in all types 
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Coşkun et al of cells, and it plays a crucial role in the regulation of inflammatory cytokine production, including interleukin-1β, interleukin-6, and TNF-α. 12, 18, 19 Therefore, pyrin plays an important role in the regulation of innate immunity and inflammation. It has been reported that cytokines including interleukin-1β, interleukin-6, and TNF-α play important roles in the pathogenesis of migraine and that they increase during migraine attacks. 20, 21 Due to the absence of a pyrinassociated anti-inflammatory effect, MEFV gene mutations could be responsible for the severity of the disease in patients. Therefore, MEFV mutations could be responsible for increased frequencies of migraine attacks. In our study, we did not observe an association between MEFV gene mutations and migraine pathogenesis. However, chronic inflammation in migraine patients may enhance the susceptibility of the central nervous system to external and internal stimulants that trigger migraine attacks. Although the trigeminovascular system has been suggested to play a role in the chronic inflammatory activation, the cause of this has not been clarified yet. 1, 4, 36 In the healthy Turkish population, the MEFV mutation carrier rate has been reported as 20% to 27% in previous studies. 8, 37 Moreover, the carrier frequency has been reported as 12% for E148Q, 3% for M694V, and 2% for V726A in the healthy population. 38 In our study, the carrier rate was 16.2%, and E148Q was the most common mutation, with a frequency of 10.5% in the controls. This rate is similar to those found in other studies. On the other hand, we detected that the heterozygous E148Q genotype was significantly higher in healthy controls (n=24, 10.5%) compared to the patient group (n=11, 5.0%) (P=0.029, OR [95% CI] =0.45 [0.21-0.94]). The significance of the E148Q alteration as a disease-causing mutation or as a polymorphism is still controversial. It is generally accepted that E148Q is associated with a mild phenotype. However, E148Q has also been considered a polymorphism rather than a disease-causing mutation, and even the presence of homozygosity for E148Q may not be sufficient for developing clinical disease. 16 The present results support the finding that E148Q has little or no effect on the phenotype or on overall inflammatory disorders, such as FMF and other conditions. The exon 10 of the MEFV gene includes mutations with high frequency, and it is located in the B30.2 domain of the pyrin. This domain participates in protein interactions, which are important to the normal biochemical function of the pyrin. 17 Therefore, these mutations represent diseasecausing mutations such as M694V. The M694V mutation has been reported to have an association with a more severe phenotype. 15 In our study, we did not observe any association between the M694V mutation and migraine. However, a relatively higher frequency was observed for the M694V mutation in migraine patients (n=3, 1.4%) than in the controls (n=1, 0.4%).
Some limitations of the present study should be mentioned. First, our sample size was not sufficient to have confidence in the results, which is reflected in the low power obtained. Second, we genotyped a limited number of mutations in the MEFV gene. Third, the imbalance between the number of 
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role of MEFV gene mutations in migraine susceptibility patients with and without mutations in the MEFV gene in the patient subgroups favors patients without a mutation.
In conclusion, the results of the present study suggest that biallelic mutations in the MEFV gene could be associated with a risk of migraine in the Turkish population. Moreover, MEFV mutations could be related to increased attack frequencies and shorter durations of attacks in migraine disease. However, we did not observe any significant association between the allele frequencies of MEFV mutations and migraine disease. Future studies in larger groups and expression analysis of pyrin levels are required to clarify the role of the MEFV gene in migraine susceptibility. Further studies are also required to confirm these findings in different ethnic populations.
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